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Abstract—Olfactometer bioassays of walking adult western ﬂower thrips
Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae) showed that
virgin females (1- to 3-d postemergence) were attracted to the odor of 25 adult
males, but not to the odor of 25 adult females, providing behavioral evidence for
a male-produced sex pheromone in this species. In contrast to earlier ﬁndings,
mixed-age adult males were attracted to the odor of adult males. GC analysis
of odors collected on SPME ﬁbers revealed two major components and ﬁve mi-
nor components that were present in the male odor and not in the female odor.
The compounds were not present in hexane extracts of males, indicating that
these compounds are produced on demand and not stored.
Key Words—Frankliniella occidentalis, Thysanoptera, Thripidae, sex phero-
mone, mating, aggregation, sternal gland, olfactometer, integrated pest manag-
ement.
INTRODUCTION
In many species of thrips, including the western ﬂower thrips Frankliniella
occidentalis (Pergande) (Thysanoptera: Thripidae), adult males possess a series
of abdominal “sternal glands,” which are structurally consistent with pheromone
release (Bode, 1978; Moritz, 1997). Circumstantial evidence suggests that the
glands produce a sex pheromone that calms females at very close range (Pelikan,
1951). However, the discovery that adult female Frankliniella schultzei respond
when walking or in ﬂight to the odor of adult males provides evidence for an at-
tractant role (Milne, 1997; Milne et al., 2002). de Kogel and van Deventer (2003)
have since provided behavioral evidence for a male-produced sex pheromone in
F. occidentalis that attracts females but not males. This species forms male
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aggregations, within which there are aggressive male–male interactions and fe-
males arrive, mate, and leave immediately (Terry and Gardner, 1990; Terry and
Dyreson, 1996; Terry, 1997). A male-produced sex pheromone could have many
roles in the complex interactions within and between the sexes at aggregation sites.
No information on the chemical identity of a sex pheromone has yet been
published for any species of thrips (Terry, 1997), although anal secretions have
been identiﬁed in many species (Suzuki et al., 2000). In F. occidentalis, the larvae,
but not adults, produce an anal droplet consisting of decyl acetate and dodecyl
acetate, which acts as an alarm pheromone and has many effects on the behavior
of both larvae and adults (Teerling et al., 1993; MacDonald et al., 2002, 2003).
This paper conﬁrms and extends the behavioral evidence for a male-produced
sex attractant pheromone in F. occidentalis and provides chemical evidence of
male-produced volatiles that are possible pheromone components. A synthetic sex
pheromone could improve the monitoring or integrated pest management of this
species, which has spread since the 1970s to become a major worldwide pest of
horticulture and agriculture (Kirk, 2002; Kirk and Terry, 2003).
METHODS AND MATERIALS
Thrips Rearing. A culture of F. occidentalis from commercial glasshouses
in the United Kingdom was maintained on pot chrysanthemums (Dendranthema
grandiﬂora Tzvelev) at 25 ± 2◦C and L18:D6. Adult thrips collected arbitrarily
from this culture are described as “mixed age.”Toobtain known-age virgin females,
adults were transferred from the chrysanthemums to 500-ml plastic pots (Nalgene,
Nalge Ltd., UK) containing French bean pods (Phaseolus vulgaris L.) and pine
pollen (Pinus brutia Tenore) and kept at 25± 0.3◦C and L18:D6. A hole (diam. 70
mm) in the lid allowedmoisture exchange through a piece of tissue (KimwipesLite,
Kimberley-Clark, U.K.) held in place between the lid and the pot. The resulting
second-instars were isolated, to prevent later mating, bymoving them to individual
Eppendorf tubes containing a section of bean pod sealed with parafﬁn wax at each
end. A hole in the lid (diam. 5 mm) allowed moisture exchange through a piece
of tissue between the lid and the tube. Daily observations of the tubes allowed the
day of adult emergence to be recorded.
Y-Tube Olfactometer. A glass Y-tube with branches at an angle of 90◦ and
stem and branches of length 60 mm and internal diam 5 mmwas held horizontally.
Zero-grade air from a cylinder (British Oxygen Corporation, Manchester) was
passed through an activated charcoal ﬁlter, separated into two streams, and then
ﬂow-rate regulated by two rotameters (Supelco, U.K.) to a speed of 50mm sec−1 in
each branch of the Y-tube and 100mm sec−1 in the stem. A 50-ml round glass ﬂask
with a Drechsel head before each branch of the Y-tube provided test and control
odor sources. Small pieces of glass wool in the inlet and outlet tubes prevented
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thrips leaving the ﬂask. Each ﬂask had a semicircle of ﬁlter paper (Whatman
No. 1, diam. 42.5 mm), kept moistened with distilled water inside it, and was
illuminated from above by four ﬂuorescent tubes and one arm of a ﬁber-optic cold
light source at a distance of 40 mm (about 10,000 lux). These conditions were
used because they produced the patrolling and ﬁghting behavior shown by males
at aggregations (Terry and Gardner, 1990), which was considered most likely to
induce pheromone production. Thrips remained active for at least 6 hr. Connections
were made with Teﬂon tubing and brass Swagelok? connectors. The Y-tube was
screened on all sides from visual inﬂuences by a 100-mm high wall of matt black
card and illuminated from above by four ﬂuorescent tubes (about 1900 lux). A
similar Y-tube olfactometer system worked well for assessing the responses of
F. occidentalis to volatile plant compounds (Koschier et al., 2000).
Bioassays. Experiments were carried out at 25 ± 1◦C. Odor-source thrips
(25 mixed-age adults) were collected with a small aspirator, anesthetized brieﬂy
with carbon dioxide, checked for gender under a dissecting microscope, then
counted into the treatment ﬂask. Test thrips were transferred individually from
plants to the base of the Y-tube with an aspirator and a ﬁne brush and were
not anesthetized. They walked up the tube and a “choice” was recorded when
they crossed a line 20 mm down either branch. “No choice” was recorded if
the line had not been crossed after 3 min for females or, because they took
longer to run, 4 min for males. After a “choice” or a “no choice,” each thrips
was removed from the tube and placed at the base of the Y-tube again to be
allowed to make a second choice. After every ﬁve or six thrips, the ﬂasks, tub-
ing, and Y-tube were turned 180◦ to reverse sides and minimize any side bias.
About 20–30 individuals were tested in each run of an experiment. The apparatus
was cleaned thoroughly before each run by rinsing with hexane. The glassware
was also baked overnight at 200◦C. Each experiment consisted of two or three
runs.
Data Analysis. The bioassay data were analyzed with SPSS 11 (SPSS Inc.,
Chicago, Illinois, USA). “No choices” were excluded from the analysis. Data for
ﬁrst and second choices and for runs within an experiment were homogeneous
(P > 0.05) in all cases and were combined. This was tested by a chi-square test
with exact P values valid for small sample sizes. Responses were tested by a
binomial test with exact two-tailed P values, with the null hypothesis that the two
arms were chosen with equal probability.
Collection and Analysis of Volatiles. Mixed-age adult males or females were
collected as described above for odor-source thrips andmoved to a small glass ﬂask
sealed with a piece of Teﬂon tape. They were kept at 25–30◦C and illuminated
similarly to those in the bioassay so as to induce patrolling and ﬁghting behavior.
Headspace volatiles were collected on a 20-mm long 50/30 µm DVB/Carboxen
SPMEﬁber assembly (57348-U, Supelco, U.K.). Collectionsweremade for 4–5 hr
from approximately 30–60 male or female thrips and repeated 10 times for males
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and 5 times for females. Analyses of headspace volatiles collected from male or
female thrips were preceded by analysis of headspace volatiles from the appa-
ratus without the presence of thrips (blank control). SPME ﬁbers were pre con-
ditioned by heating to 180◦C for 2 hr before use. In addition, hexane extracts
from ﬁve to hundreds of males were obtained by collecting males directly from
chrysanthemum plants. Males were immersed in hexane and stored at−20◦C until
analysis.
Anal droplets were collected directly on SPMEﬁbers fromﬁve second-instars
to provide comparative retention time data for decyl acetate and dodecyl acetate,
the components of the larval alarm pheromone (Teerling et al., 1993).
SPME samples and hexane extracts were analyzed on an Hewlett-Packard
5890 II+ gas chromatograph with an HP-5 capillary column, 30 m × 0.25 mm
i.d., 0.25-mm ﬁlm thickness. The sample was introduced via a septum-less heated
injector (180◦C) and the gas chromatograph (GC) was temperature programmed
with an initial 2 min at 40◦C, then an increase of 10◦C min−1 to a ﬁnal isothermal
period at 250◦C (10 min).
RESULTS
Bioassays. Virgin females (1- to 3-d postemergence) were attracted to the
odor of 25 adult males, but not to the odor of 25 adult females (Table 1). Mixed-
age adult femaleswere also attracted to adultmales and their preference for the odor
side (66%) was similar to that of virgin females (70%). However, the response was
not exclusively by females to males, because mixed-age males were also attracted
to adult male odors. The preference of mixed-age adult males for males (66%) was
similar to that of females for males.
Each thrips was tested twice in succession. For the odor sources that were
preferred, there was no signiﬁcant difference in preference between the ﬁrst and
TABLE 1. RESPONSES OF WALKING ADULT Frankliniella occidentalis TO OTHER
ADULTS OF THE SAME SPECIES IN A Y-TUBE OLFACTOMETER BIOASSAYa
Number of choicesOdor Preference for
Test insectsb sourcec Odor side Control side odor side% Probability
Virgin females Males 69 29 70 <0.001
Virgin females Females 44 62 42 0.10
Females Males 60 31 66 0.003
Males Males 65 34 66 0.002
a Signiﬁcance levels based on null hypothesis of equal preference for the two sides.
b All test insects were adults. Virgin females were 1- to 3-d postemergence and others were of
mixed age.
c All odor sources consisted of 25 live adults of mixed age.
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second choices (P > 0.05 for each experiment and each run of each experiment),
indicating that responses occurred quickly, within minutes of encountering the
odor, and were not improved by several minutes of additional prior exposure.
There was also no signiﬁcant correlation between the ﬁrst and second choices
of individual thrips for virgin females tested with odor from males (P = 0.72),
mixed-age females tested with odor from males (P = 0.49) or males tested with
odor from males (P = 0.73). Thus, thrips that chose the test odor as their ﬁrst
choice were not more likely to choose it as their second choice than thrips that had
chosen the control odor as ﬁrst choice.
Analysis of Volatiles. Comparison of the GC traces from male (upper trace)
and female (lower trace) SPME volatile collections (Figure 1) revealed two major
peaks in the male trace that were absent from the trace of female volatiles: peak a
(tR = 11.45min; abundance= 19.6% by peak area of male-exclusive compounds)
and peak b (tR = 15.11 min; 67.1%). Comparison of these retention times with
those of the larval anal droplet compounds (tR = 13.04 min for decyl acetate;
tR = 15.45 min for dodecyl acetate) indicated that they were not the same com-
pounds and could not be the result of contamination with alarm pheromone. Other
peaks found in very small amounts in most of the male traces that appeared to be
absent from all the female traces were found at tR = 7.61 min, 4.2%; 7.71 min,
0.9%; 7.88 min, 4.1%; 10.61 min, 1.9%; and 10.97 min, 2.3%. The release rate of
compound a was estimated to be 120 pg male−1 hr−1, by comparison of the peak
FIG. 1. GC traces of SPME ﬁber collections of the headspace volatiles collected from
mixed-age adult males (upper trace) and mixed-age adult females (inverted lower trace)
of Frankliniella occidentalis. The major male-speciﬁc compounds in the male trace are
indicated as peaks a and b.
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area of the unknown with a hydrocarbon standard. The compounds were not found
in hexane extracts of males.
DISCUSSION
The results conﬁrm that females in a Y-tube olfactometer are attracted to
the odor of males but not to the odor of females, as found by de Kogel and
van Deventer (2003), and extend the results to virgin females. The olfactometer
preference shown here by virgin females and mixed-age females for 25 males
(66–70%) was similar to that of females for 20 or 80 males (68–71%) found by de
Kogel and van Deventer (2003). Because adult females can mate within hours of
emergence (Terry and Schneider, 1993) and there were many males in the culture,
most mixed-age females were likely to havemated. This suggests that the response
of females to male odor is not speciﬁc to virgins, although this needs to be veriﬁed
experimentally.
Maleswere attracted tomales, contrary to the ﬁndings of deKogel and vanDe-
venter (2003) for F. occidentalis andMilne et al. (2002) for F. schultzei. The differ-
ence may be because the males in our bioassay were patrolling and ﬁghting, which
may affect pheromone production. The entrainment ofmale-speciﬁc volatiles from
patrolling and ﬁghting males and the absence of these volatiles from hexane ex-
tracts of males collected directly from plants also supports this explanation.
Although the bioassay tested the responses of walking thrips, a ﬂight response
is also likely because this would be biologically advantageous for locating aggre-
gation sites and because a ﬂight response by females to males has been shown in
another species from the same genus (Milne et al., 2002).
The sternal glands are the most likely source of a male pheromone, but this
cannot be veriﬁed by dissecting males and comparing extracts from parts of the
body because the male-speciﬁc compounds appear not to be stored. Abdominal
sternal glands or ventral glands occur on adult males in some other insects, such as
some true bugs (Schuh and Slater, 1995) and some cockroaches (Sreng, 1984). In
the cockroach Nauphoeta cinerea, 12 male-speciﬁc compounds have been iden-
tiﬁed from the sternal glands, of which three are the principal active components
in the pheromone (Sreng, 1990; Sirugue et al., 1992). Between them, these com-
pounds have roles in attracting females from a distance and in close-range inter-
actions with females and males (Moore, 1997). A male-produced pheromone may
also have several behavioral roles in F. occidentalis.
The identiﬁcation of the seven volatile compounds from male F. occidentalis
is in progress.
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